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1. 

FEED ASSEMBLY FOR MULTI-BEAM 
ANTENNA WITH NON-CIRCULAR 

REFLECTOR, AND SUCH AN ASSEMBLY 
THAT IS FELD-SWITCHABLE BETWEEN 
LINEAR AND CIRCULAR POLARIZATION 

MODES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority from U.S. Provi 
sional Application Ser. No. 60/505,784 entitled FEED 
ASSEMBLY FOR MULTI-BEAM ANTENNA WITH 
NON-CIRCULAR REFLECTOR, AND SUCH AN 
ASSEMBLY THAT IS FIELD-SWITCHABLE BETWEEN 
LINEAR AND CIRCULAR POLARIZATION MODES, 
filed Sep. 25, 2003, the contents of which are incorporated 
herein by reference. 

FIELD OF THE INVENTION 

The invention relates to antennas for establishing com 
munication links with satellites in geostationary orbit about 
the earth. The invention relates in particular to an antenna 
having a non-circular reflector and a feed assembly that is 
field-switchable between circularly polarized and linearly 
polarized operating modes, and to a multi-beam antenna 
having a non-circular reflector and a feed assembly that is 
capable of establishing communications with two or more 
satellite, where at least two of the satellites are closely 
spaced. 

BACKGROUND OF THE INVENTION 

An increasing number of information services are now 
offered via satellite communication. Specifically, there are a 
wide variety of satellites positioned in geostationary orbit 
about the earth for providing various services to users on the 
ground. Such services include, for example, one-way (also 
referred to as receive-only) services such as television 
services, and two-way (also referred to as transmit and 
receive) services such as Internet communications. Unfor 
tunately, many related services are offered on different 
satellites. For example, general satellite TV programming 
may be provided on one satellite, while Internet services are 
offered by another satellite, while still other satellites may 
offer high definition TV programming or foreign language 
TV programming. A user that Subscribes to two or more of 
these services must have the ability to communicate with 
each of the satellites that provide the selected services. 
While this can be accomplished using different antennas 
corresponding to each satellite, this solution is neither prac 
tical nor acceptable for most customers. For this reason, 
there has been a significant uptake in the past few years in 
technology that allows for use of one antenna Solution to 
communicate with multiple satellites. These antenna Solu 
tions are sometimes referred as multi-beam antennas. 

There are various issues associated with the design of 
multi-beam antennas. One Such issue is reflector profile. 
Specifically, multi-beam antennas include various feeds for 
communication with different satellites. For example, if an 
antenna is designed to communicate with three separate 
satellites, the antenna will include three separate feeds, one 
associated with each of the satellites. These feeds are all 
spaced in front of the reflector of the antenna. For proper 
communication, the feeds must be oriented properly with 
respect with the reflector in order to optimize reception 
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2 
and/or transmission of signals between the feed and its 
associated satellite, while avoiding crosstalk with other 
satellites. In a multi-beam solution, a reflector having an 
elliptical profile is generally preferred over a reflector hav 
ing a circular profile. Specifically, a circular reflector gen 
erally does not narrow the beam of the signals received from 
the satellites. As such, all of the beams overlap significantly 
near the focal point of the reflector. A reflector having an 
elliptical profile, on the other hand, can be configured Such 
that signals from different satellites can be generally focused 
at different points in front of the reflector. Specifically, it is 
necessary to make the beams transmitted by the satellites 
narrower in the azimuth plane (i.e., along the geostationary 
arc) to avoid interference or crosstalk from the closely 
adjacent satellites. Consequently, it is necessary to employ 
an antenna having a profile that is narrower in the vertical 
direction than in the horizontal direction; such as for 
example, an elliptical reflector, rectangular, or similar non 
circular profile, (i.e., one having an aspect ratio of greater 
than one). 

While use of a reflector having an elliptical profile allows 
multiple feeds to be placed in the same antenna solution, 
there are some drawbacks to use of these reflectors. Spe 
cifically, some satellites communicate via circularly polar 
ized signals, as opposed to linear polarized signals. A 
circularly polarized signal consists of two vector compo 
nents that are rotationally oriented ninety (90) degrees 
relative to each other. Further, the vector components have 
the same magnitude. To maintain the integrity of the signal, 
the vectors must remain Substantially at the same magnitude, 
and they must remain Substantially orthogonal to each other. 
To maintain the integrity of a circularly polarized signal, the 
vectors must remain Substantially at the same magnitude, 
and they must remain Substantially orthogonal to each other. 
Circular antenna reflectors maintain this electrical symme 
try. Elliptical reflectors, on the other hand, do not maintain 
this symmetry because of their different dimensions in the 
horizontal and vertical directions. Thus, elliptical reflectors 
are typically not used with circular polarized communica 
tions, thereby making it difficult to provide a multi-beam 
Solution where at least one of the satellites communicates 
using circularly polarized signals. 
An additional issue with multi-beam solutions is satellite 

position spacing. As more satellites are introduced into orbit, 
the angular spacing between the satellites will decrease. In 
fact, currently there are several satellites that are positioned 
within a range of 5 degrees or less of arc with respect to each 
other. The proximity of these satellites to each other is 
Somewhat problematic from the standpoint of using one 
antenna to establish individual communication links with 
both of these satellites. 

Specifically, to communicate with multiple satellites, an 
antenna will typically include individual feeds dedicated to 
communicating with one of the satellites. Because of the 
closeness in angular proximity of Some satellites, these 
wave-guides should be placed in close proximity to each 
other on the antenna to properly communicate with their 
respective satellites. The problem is that many conventional 
corrugated wave-guide designs cannot be used, because of 
the reduced spacing required between the phase centers of 
the wave-guides needed to receive from and transmit signals 
to the satellites is such that the conventional individual 
wave-guides would occupy overlapping space due to their 
size. 

In view of these concerns, applicant has created various 
multi-beam antenna solutions for specific communication 
environments. For example, U.S. Pat. No. 6,480,165, 
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entitled “Multi-beam Antenna For Establishing Individual 
Communication Links With Satellites Positioned In Close 
Angular Proximity To Each Other discloses a multi-beam 
antenna Solution for communicating with closely spaced 
satellites, where one feed is configured for two-way com 
munication and the other feed is configured for one-way 
communication. In this antenna Solution, one of the feeds is 
filled with a dielectric material. The use of the dielectric 
material allows the feed to made smaller in size, which in 
turn, allows the two feeds to be spaced in close proximity for 
communicating with the closely spaced satellites. 

Recently, applicant also developed a feed solution that 
allows communication of circular polarized signals using a 
reflector having a non-circular profile, such as an elliptical 
profile. Specifically, U.S. patent application Ser. No. 10/370, 
166 filed Feb. 20, 2003 and entitled “Circularly Polarized 
Receive/Transmit Elliptic Feed Horn Assembly For Satellite 
Communications' discloses a feed solution formed of a 
plurality of corrugations. The corrugations progressively 
transition from Substantially circular at an end closest to the 
receiver, to Substantially non-circular at the opposite end of 
the corrugated section that faces the reflector. The non 
circular corrugations are configured to correct the distortions 
of the circularly polarized signals induced by the non 
circular reflector profile. 
The above developments address many of the issues 

relating to multi-beam antenna Solutions. Specifically, these 
systems provide solutions for communicating with closely 
spaced satellites and communication using circularly polar 
ized signals in an antenna Solution that uses a reflector 
having an elliptic profile. However, there are other issues yet 
to be addressed. Specifically, there is currently a need for an 
antenna Solution that facilitates communication with at least 
two closely spaced satellites, where one of the feeds is 
capable of being configured to either communication circu 
larly polarized or linearly polarized signals based on its 
configuration. 

This antenna solution involves communication with at 
least one Fixed Satellite Services (FSS). FSS is a two 
communication system (i.e., both transmit and receive) for 
internet, data, Voice, etc. communications. FSS has some 
what more stringent standards than the more traditional 
direct Broadcast Satellite Services (BSS). Specifically, FSS 
has a more stringent rejection standard for closely spaced 
feeds. The communication beam must be narrower in the 
azimuth plane to avoid interference. FSS requires at least a 
12 dB drop off. This minimum drop offensures that there is 
not an excess level of crosstalk between adjacent feeds. 
An added issue with multi-beam antenna solutions is the 

transition from use of satellites that communicate using 
linear polarization to satellites that communicate using cir 
cular polarized signals, or visa versa. Specifically, there are 
current antenna Solutions that communicate with satellites 
that use linear polarization for communication. Plans are to 
replace some of these satellites with satellites that commu 
nicate using circularly polarized signals. As such, prior to 
replacement of the satellite, an antenna solution is needed 
that communicates using linearly polarized signals. How 
ever, after replacement, an antenna Solution is needed that 
communicates using circularly polarized signals. One solu 
tion would to retrofit each antenna when the transition 
occurs. This, unfortunately, is not a viable Solution. 
On the one hand, satellite spacing requirements demand 

an elliptic aperture to eliminate cross talk and to provide 
higher level of signal isolation at two degree adjacency. On 
the other hand, both direct broadcast satellite (DBS) and 
future FSS satellites are typically designed to operate with 
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4 
circularly polarized signals, either Right Handed or Left 
Handed (RHCP/LHCP) ground antennas. Consequently, the 
reflector and feed horn assemblies should be versatile to 
accommodate the two degree satellite rejection and at the 
same time, operate in both linearly and/or circularly polar 
ized environment. The combined solution of multi-satellite 
operation, cross talk, and circularly polarized requirements 
is an elliptical reflector profile that establishes satellite 
communications link and functions in both linearly and 
circularly polarized environments. However, the reflector 
ellipticity destroys the system symmetry as required for 
circularly polarization and creates a high level of axial ratio 
or cross-polarization. 

In light of the above, a new antenna Solution is needed that 
allows a multi-beam antenna to communicate with two 
closely spaced satellites, where both satellites use one-way 
communication, at least one of the satellites is an FSS 
satellite, and where one of the feeds is capable of being 
configured to communicate either linear polarized signals or 
circularly polarized signals. 

SUMMARY OF THE INVENTION 

The present invention provides various feed solutions to 
address issues associated with use of multi-beam antennas. 
Specifically, the present invention provides feed solutions 
that allow two feeds to be spaced in close proximity to each 
other for use in Satellite communications with closely spaced 
antennas. Further, the present invention provides feed solu 
tions that facilitate communication of circularly polarized 
signals using a reflector with an elliptical profile. In addition, 
feed solutions are provided that address the more stringent 
drop off parameter of FSS satellites and provide feeds that 
can be transitioned in the field from linear polarized com 
munications to circularly polarized communications. 
The feed solutions of the present invention, among other 

things, address the problem associated with the planned 
switch of the Ku-band (10.7–14.5 GHz) FSS satellite from 
linear to circular polarization. For example, the various 
Solutions provided herein can be used to construct a multi 
beam antenna Solution that includes a reflector with an 
elliptical profile, at least two closely spaced feeds, where at 
least one feed is capable of communicating with an FSS 
satellite. Further, at least one of the feeds is capable of 
communicating using circularly polarized signals in con 
junction with the elliptical reflector and can be transitioned 
in the field from a linear polarized configuration to a 
circularly polarized configuration. 

For example, in one embodiment, the present invention 
provides a feed assembly for an antenna having a non 
circular reflector, in which the feed assembly includes a feed 
horn capable of correcting the distortions of circularly 
polarized signals caused by the non-circular reflector profile, 
and wherein the feed horn is coupled with a polarizer that is 
field-switchable between linear and circular polarization 
modes of operation. 
More particularly, the feed horn preferably comprises a 

circular waveguide section, a corrugated waveguide section 
having a wall encircling a longitudinal axis of the feed horn, 
and a conical waveguide section connected between the 
corrugated waveguide section and the circular waveguide 
section for transitioning between the circular and corrugated 
sections. The corrugated section has a series of spaced 
corrugations that progressively transition from Substantially 
circular at the end of the corrugated section adjacent the 
conical section, to Substantially non-circular at the opposite 
end of the corrugated section that faces the reflector. The 
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non-circular corrugations are configured to correct the dis 
tortions of the circularly polarized signals generated by the 
non-circular reflector profile. 
The polarizer is rotatably coupled to the end of the 

circular waveguide section opposite from the end coupled to 
the conical section. The polarizer is rotatable with respect to 
the feed horn between first and second angularly spaced 
orientations (e.g., displaced 45° apart), the polarizer being 
structured and arranged in the first orientation to be Sub 
stantially transparent to a linearly polarized signal propa 
gated through the assembly, and in the second orientation to 
impart right or left handedness to a circularly polarized 
signal propagated through the assembly. Accordingly, by 
simply rotating the polarizer, the feed assembly can be 
Switched between linear and circular polarization modes. 

In one embodiment, the polarizer comprises a circular 
cylindrical hollow tube having a dielectric card or vane 
mounted inside the tube so as to divide the interior space into 
two semi-cylindrical halves. When the vane is oriented 
vertically or horizontally, the polarizer is substantially trans 
parent to linearly polarized signals propagated through it. 
When the polarizer is rotated 45 degrees relative to vertical 
in one direction, the polarizer is properly configured for 
propagating right-hand circularly polarized (RHCP) signals; 
when rotated 45 degrees in the opposite direction, the 
polarizer is configured for propagating left-hand circularly 
polarized (LHCP) signals. 
The feed assembly can also include a separate second feed 

positioned closely adjacent the feed horn for establishing a 
communications link with a second satellite (e.g., a BSS 
satellite or another FSS satellite) spaced as close as 2 
degrees from the first satellite (e.g., an FSS satellite). One or 
both of the first feed horn and the second feed horn can 
contain a dielectric having a dielectric constant greater than 
1.0 so as to allow the dimensions of the feed(s) to be reduced 
to facilitate the required close proximity of the two feeds. 
Either or both of the feeds may be filled with a dielectric 
material to reduce their overall size as is described in U.S. 
Pat. No. 6,480,165 to thereby facilitate close spacing of the 
feeds. 
The feed assembly includes a coupling arrangement that 

rotatably couples the polarizer and the circular waveguide 
section of the feed horn. In one embodiment of the inven 
tion, the circular waveguide section of the feed horn has a 
radially outwardly projecting flange formed proximate the 
end of the circular waveguide section that connects to the 
polarizer. The polarizer comprises a Substantially circular 
cylindrical main body having a first end adjacent the flange 
and an opposite second end, the main body having a radially 
outwardly projecting first ring formed proximate the first 
end of the main body. The coupling arrangement includes a 
first coupler structured and arranged to engage the first ring 
on the polarizer and the flange on the circular waveguide 
section so as to Substantially prevent relative axial move 
ment therebetween while permitting the polarizer to rotate 
relative to the circular waveguide section. 

In a particular embodiment, the first coupler comprises a 
band-shaped member that Surrounds the flange and first ring 
and defines a circumferential groove in which the flange and 
first ring are retained. Advantageously, the first coupler is 
formed in two generally semicircular halves that are releas 
ably joined together by fasteners. It is also advantageous for 
the polarizer to include a stop that interacts with a fixed 
structure of the feed assembly so as to limit rotation of the 
polarizer. 

In one embodiment, the solution may include added feeds 
for communication with other satellites. For example, in one 
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6 
embodiment, the solution includes a feed spaced apart from 
the first two feeds for communication with a satellite space 
apart from the first two satellites by fourteen degrees. The 
Solution can accommodate a wide range of satellite spacings 
in the range of one to twenty-two degrees. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

Having thus described the invention in general terms, 
reference will now be made to the accompanying drawings, 
which are not necessarily drawn to scale, and wherein: 

FIG. 1 is a perspective view of an antenna in accordance 
with one embodiment of the invention; 

FIG. 2 is a perspective view, enlarged, of the feed assem 
bly of the antenna; 

FIG. 3 is a perspective view of the FSS feed horn and 
polarizer assembly used in the feed assembly: 

FIG. 4 is a sectioned perspective view of the FSS feed 
horn and polarizer assembly: 

FIG. 5 is an exploded view of the FSS feed horn and 
polarizer assembly; and 

FIG. 6 is a side elevation of the FSS feed horn and 
polarizer assembly. 

FIGS. 7A and 7B are respective perspective and cross 
sectional views of the BSS feed horn. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present inventions now will be described more fully 
hereinafter with reference to the accompanying drawings, in 
which some, but not all embodiments of the invention are 
shown. Indeed, these inventions may be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure will satisfy applicable legal 
requirements. Like numbers refer to like elements through 
Out. 

A multi-beam antenna 20 in accordance with one embodi 
ment of the invention is shown in FIG. 1. The antenna 
includes a reflector 22 of non-circular profile; in the illus 
trated embodiment, the reflector has an elliptical profile, but 
the invention is not limited to such profile. It also applies to 
any geometry having aspect ratio larger than 1. Mounted on 
a boom 24 in front of the reflector is a feed assembly 26 
having three feeds for establishing three separate commu 
nication links with three different satellites. A first feed horn 
30 is used for establishing a communications link with a first 
satellite (e.g., an FSS satellite) in geostationary orbit. A 
second feed 40 establishes a link with a second satellite (e.g., 
a BSS satellite) located in geostationary orbit with a small 
angular separation from the first satellite; the separation may 
be as close as two degrees. A third feed 50 establishes a 
communication link with a third satellite located in geosta 
tionary orbit with a larger angular separation from the 
second satellite; the separation may be as much as 22 
degrees. In the illustrated embodiment, all three feeds 30, 
40, 50 comprise receive-only feeds for establishing one-way 
communications links with the three satellites. However, the 
invention is not limited to receive-only feed assemblies; in 
particular, the feed horn 30 can be used in a transmit and 
receive feed assembly as disclosed in co-pending U.S. patent 
application Ser. No. 10/370,166. One or both of the other 
two feeds also could be configured for transmit and receive 
operation, if desired. 
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With reference to FIG. 2, showing the feed assembly 26 
in greater detail, the elliptical circularly polarized feed horn 
30 is coupled to a polarizer 60, which in turn is coupled via 
a waveguide transition 70 to a low noise block (LNB) 80 that 
converts the received signals from their as-received fre 
quency (e.g., Ku band, 10.95–12.75 GHZ, or Ka band, 
19.7–20.2 GHz) to the RF frequency range (e.g.,950 to 2500 
MHz). In use, the LNB 80 is connected via a coaxial cable 
(not shown) to an indoor set-top box, as known in the art. 
Likewise, the second feed 40 is coupled to an LNB 90. 
Similarly, the third feed 50 is coupled to an LNB 100. As 
further described below, the polarizer 60 can be rotated with 
respect to the feed horn 30 for switching from a linear 
polarization mode to a circular polarization mode of opera 
tion. 

FIGS. 3 through 6 show the assembly of the feed horn 30 
and polarizer 60 in further detail. The feed horn 30 is 
Substantially as described in co-pending U.S. patent appli 
cation Ser. No. 10/370,166 filed Feb. 20, 2003, which is 
incorporated herein by reference. The single-piece feed horn 
has phase compensation embedded therein. The feed horn 
has a non-circular shape (e.g., elliptical), and comprises a 
series of corrugations. Each corrugation has a specific shape 
and thickness. The corrugations transition from less circular 
in shape to more circular in shape in a direction from the 
front of the feed horn that faces the reflector of the antenna 
to the back of the feed horn that connects to the polarizer 60. 
The corrugations are designed such that they compensate for 
the changes in a circularly polarized signal caused by the 
non-circular reflector and feed horn. Importantly, this phase 
compensated feed horn reduces the size and complexity of 
the feed system assembly over that of prior compensation 
systems. 
The present invention provides a non-circular feed horn 

capable of propagating RHCP and/or LHCP signals, as well 
as linearly polarized (LP) signals. In a preferred embodi 
ment, the feed horn is designed for the Ku-band in the 10.95 
to 14.5 GHZ range. More particularly, the received signals 
from the satellite covers the 10.95 to 12.75 GHZ band. The 
feed horn transmits signals to the satellite. The transmitted 
signal is from the 13.75 to 14.5 GHz band. The feed horn is 
a corrugated, non-circular conical horn with embedded 
phase compensators that works with elliptical and/or non 
circular reflector profiles. It is understood that the feed horn 
could instead be designed for the Ka-band, as well. 

In the embodiments discussed herein, the reflector is 
illustrated as elliptical in shape and the feed horn has an 
elliptic shape for proper reflector illumination. It must be 
understood that present invention is not restricted to ellip 
tical configurations, and may be used with any non-circular 
shaped reflector, i.e., rectangular, oval, and corresponding 
feed horn. Specifically, a corrugated feed horn having any 
aspect ratio can be designed such that the depths that the 
corrugations extend into the inner wall of the feed horn 
properly compensate a circularly polarized signal propagat 
ing therethrough for distortions caused by a non-circular 
reflector. The depths for each corrugation can be determined 
using the equations set forth in co-pending application Ser. 
No. 10/370,166, such that a plurality of corrugations can 
collectively compensate the signal. 
The feed horn 30 is designed to properly illuminate the 

elliptic reflector aperture while operating in both LP as well 
as RHCP/LHCP polarizations. As illustrated in FIGS. 4 and 
5, in one advantageous embodiment, the feed horn includes 
three sections, namely a circular hollow waveguide section 
32, a conical section 34, and a corrugated feed horn section 
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8 
36. The conical section and corrugated section extend from 
the circular hollow waveguide section in a direction toward 
the reflector of the antenna. 

The circular waveguide section 32 is a hollow waveguide 
having a circular cross-section to Support the Ku receive 
band (10.95 to 12.75 GHz). It is also possible to configure 
the waveguide to support both the Ku receive band as well 
as the transmit band (13.75 to 14.5 GHz). The hollow 
waveguide's cross-section is chosen so as to insure the 
propagation of the two orthogonal dominant modes of the 
circularly polarized signal, and prevent the excitations of 
higher order modes. The circular waveguide section's length 
is optimized in conjunction with the conical section 34 and 
corrugated section 36 to ensure proper phase and amplitude 
at the back end of the feed horn. 

With regard to the conical section 34, this section is a 
transitional region between the circular waveguide section 
32 and the corrugated section 36. The throat region of the 
conical section is a Smooth conical section to provide low 
return loss at both transmit and receive bands and a low level 
of higher-order modes. The conical section is about 0.3 in 
length at the receive band for good electrical match and 
Subsequently Superior axial ratio performance. The conical 
section has a wide semiflare angle 0 greater than 20°, to 
illuminate the reflector with a proper copolar radiation 
pattern. The throat region is instrumental to control the input 
impedance and the mode conversion from the circular 
waveguide section 32 to the elliptic corrugated section 36 
opening for low voltage standing wave ratio (VSWR). The 
low VSWR is necessary to obtain low axial ratio and in turn, 
an excellent cross-polarization for both RHCP and LHCP 
operation. 

Connected to the conical section 34 is a corrugated 
section 36 comprising a series of elliptical corrugations or 
grooves 38 in the shape of rings. The corrugations or 
propagation rings 38 are designed to compensate for unequal 
phase and amplitude distribution of a non-circular profile. 
Each propagating ring is optimized so as to provide proper 
phase and amplitude between the fudamental modes of a 
circularly polarized signal propagating therethrough, keep 
ing the appropriate edge illumination. The corrugations or 
propagating rings are designed for operation over a desired 
range of frequencies for total symmetry of E- and H-fields 
with proper phase differential. The propagating ring size is 
gradually increased toward the feed horn aperture to control 
the reflector edge illumination. 
More specifically, with reference to FIG. 4, the corrugated 

section 36 of the feed horn transitions from an elliptical 
shape at the first propagating ring 38 nearest the reflector (on 
the left in FIG. 4) that matches the ellipticity of the reflector 
profile of the antenna, to a circular shape at the last propa 
gating ring 38 nearest the conical waveguide section 34. 
Specifically, in the direction. A signifying a path from the 
reflector of an antenna to a receiver of an antenna, the 
propagation rings transition from more-elliptical shapes to 
more-circular shapes. Each propagation ring includes a 
major and a minor axis. The ratios between the major and 
minor axes for the first propagation ring is greater than that 
of the next propagation ring, and so on, to the point where 
the last propagation ring meets the circular throat of the 
conical section 34. 

In effect, the propagation rings transition a signal propa 
gating in the direction. A from an elliptical to a circular 
signal. Similarly, in the case of a transmit and receive 
application, for transmitted signals propagating opposite to 
the direction A, the propagation rings transition the signal 
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electrically from a circular signal to an elliptical signal to 
match the ellipticity of the reflector of the antenna. 
The feed horn has an axis of symmetry extending longi 

tudinally through the circular waveguide section 32, conical 
waveguide section 34, and corrugated section 36. In the 
corrugated section, a series of corrugations 38 are spaced 
along the longitudinal axis of symmetry. The corrugations 
are a series of grooves in the inner wall of the corrugated 
section 36. The width of each groove in the longitudinal 
direction of the feed horn and the depth of each groove into 
the side wall in the radial direction are tailored as required 
to achieve the proper phase and amplitude compensation. 
Specifically, the depth of each corrugation compensates for 
the distortions caused by use of an elliptical reflector to 
reflect a circularly polarized signal. A circularly polarized 
signal propagating along the path. A from the reflector to a 
receiver enters the first propagation ring in a distorted 
condition caused by the elliptical reflector. The depth of the 
first propagation ring compensates for the phase distortion. 
Each Successive propagation ring further compensates the 
signal phase, such that when it enters the conical section 34 
of the feed horn, it is substantially a circularly polarized 
signal having components of the same magnitude and 
orthogonality to each other, as is required of a circularly 
polarized signal. 
The depth of the corrugations are selected between 0.25). 

and 0.5W and optimized to ensure proper local phase and 
amplitude. The depths are determined based on analysis of 
the modes of the circularly polarized signal. Specifically, the 
depth for each corrugation is determined such that the 
corrugation contributes to the overall correction of the 
circularly polarized signal, such that a distorted circularly 
polarized signal entering the feed horn from the reflector is 
corrected by each corrugation Such that it enters the conical 
section as a circularly polarized signal and visa Versa for 
signals traveling from the conical section to the reflector. 
The depth of each corrugation is selected by first determin 
ing the compensation contribution for every point on the 
corrugation as a function of the corrugations distance R from 
the field. The depth of the corrugation is determined to 
provide the compensation desired for the corrugation. This 
is described more fully in co-pending application Ser. No. 
10/370,166, and hence will not be repeated herein. 
The back end of the circular waveguide section 32 of the 

feed horn 30 includes an annular flange 39 that projects 
radially outwardly from the circular cylindrical section 32. 
The flange 39 facilitates coupling of the feed horn 30 to the 
polarizer 60. In particular, as noted, that coupling permits the 
polarizer to be rotated with respect to the feed horn, which 
is prevented from rotating by virtue of its connection to fixed 
structure of the feed assembly. The feed horn 30 includes 
mounting lugs L for affixing the feed horn to the fixed 
structure. The rear side of the flange 39 facing the polarizer 
60 defines a circumferentially extending slot 41 for purposes 
explained below. 
The polarizer 60 in the illustrated embodiment comprises 

a circular cylindrical tube inside of which a dielectric card 
or vane 61 is mounted along a diameter of the tube. When 
the vane 61 is oriented vertically or horizontally, the polar 
izer is configured for propagation of LP signals. Rotation of 
the polarizer 60 to position the vane at 45 degrees to the 
vertical configures the polarizer for propagation of RHCP or 
LHCP signals. The front end of the polarizer nearest the feed 
horn flange 39 includes a radially outwardly projecting ring 
or flange 62; the opposite end of the polarizer similarly 
includes a ring or flange 63. A forwardly projecting protru 
sion or stop 64 is formed on the forward side of the front 
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10 
flange 62 facing the feed horn flange 39. When the polarizer 
is coupled with the feed horn, the stop 64 fits into the slot 41 
formed in the feed horn flange 39. Accordingly, the polarizer 
60 can be rotated about its axis over the defined range of the 
slot 41 only. The slot 41 is configured so that when the 
polarizer is rotated as far as it will go in one direction, the 
vane 61 is oriented vertically, and when the polarizer is 
rotated as far as it will go in the other direction, the vane is 
oriented at 45 degrees to the vertical. It will be recognized 
that a similar result could be obtained by having a slot in the 
polarizer flange 62 and a stop on the feed horn flange 39, or 
by other types of rotation-limiting arrangements. 
The polarizer 60 is coupled to the feed horn 30 by a 

coupling comprising two semi-circular clamp halves 65a 
and 65b that are fastened together by suitable fasteners so as 
to form a circular clamp. The clamp halves each defines a 
circumferential channel or groove 66 on its radially inward 
side configured to receive the feed horn flange 39 and the 
polarizer flange 62 in coaxial adjacent relation with each 
other. The clamp halves are fixed in relation to the feed horn 
30 by virtue of projections 67 on the feed horn that engage 
recesses 68 in the clamp halves, thus preventing the clamp 
halves from rotating relative to the feed horn. There is 
sufficient axial and radial clearance between the polarizer 
flange 62 and the adjacent surfaces of the clamp halves 
65a, b and feed horn flange 39 to allow the polarizer to be 
rotated about its axis relative to the feed horn, but the 
clearance is Small enough to maintain the polarizer properly 
coupled in coaxial relation with the feed horn. 
The feed assembly also includes a waveguide transition 

70 used for coupling the polarizer 60 to the LNB 80. The 
waveguide transition 70 comprises a circular cylindrical 
tubular member having a radially outwardly projecting 
flange 72 on a front end thereof facing the polarizer. The 
feed assembly includes clamp halves 69a and 69b, config 
ured similarly to the previously described clamp halves 
65a, b, for coupling together the polarizer and waveguide 
transition by capturing their respective flanges 63 and 72. 
The flange 72 includes a forwardly extending projection 74 
that engages in recesses defined in the clamp halves 69a, b to 
prevent the clamp halves from rotating relative to the 
waveguide transition; since the waveguide transition is 
connected to the fixed LNB 80, the clamp halves thus are 
prevented from rotating along with the polarizer 60 when the 
polarizer is rotated to switch between LP and CP configu 
rations. The waveguide transition includes a mounting 
flange 76 at its rear end, the flange having through-holes for 
receiving fasteners, to facilitate attachment of the waveguide 
transition to the LNB 80. 

As noted, the polarizer 60 can be rotated relative to the 
feed horn 30 to Switch between LP and CP modes of 
operation. Advantageously, the polarizer has a mark or 
projection 78 and the clamps 65, 69 have marks or projec 
tions 79, the marks being located such that when the mark 
78 on the polarizer is circumferentially aligned with the 
mark 79 on the clamps, the polarizer is in one of the LP or 
CP configurations. Thus, the clamp 65 is circumferentially 
aligned properly relative to the feed horn 30 by the engage 
ment of the feed horn projection 67 in the recesses 68 in the 
clamp 65, and the polarizer in turn is properly aligned 
relative to the clamp 65 via the alignment of the marks 78, 
79. The marks 78,79 act as visual references for the installer. 
The illustrated embodiment discloses that the polarizer 60 

is a circular section containing a vain or card. However, it 
must be understood that there are other configurations of the 
polarizer. For example, the section could have a rectangular 
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shape. In this embodiment, irises would be used in the 
section to set the handedness. 
As shown in FIG. 2, the assembly of the feed horn 30 and 

polarizer 60 is positioned closely adjacent the second feed 
40 for establishing separate communications links with 
satellites spaced as close as two degrees apart along the 
geostationary arc. FIGS. 7A and 7B are respective perspec 
tive and cross-sectional views of the second feed 40. The 
second feed 40, as shown, comprises a cylindrical rod 82 of 
polymer material mounted inside a metal tubular housing 
84. As illustrated in FIG. 7B, the second feed may include 
a dielectric vane 86 mounted inside the rear end of the metal 
housing, oriented 45 degrees to the vertical, to set the proper 
handedness when the feed 40 is used for propagating CP 
signals. Importantly, the use of the dielectric radiator 82 
facilitates positioning the two feeds 30, 40 in close proxim 
ity. Specifically, use of the dielectric material allows the feed 
to be made smaller, such that the feeds can be closely 
spaced. Either one or both of the feeds can contain a 
dielectric (such as the radiator 82 of the second feed) having 
a dielectric constant greater than 1.0, if needed. Construction 
offeeds for closely spaced satellites is discussed more fully 
in U.S. Pat. No. 6,480,165, entitled “Multi-beam Antenna 
for Establishing Individual Communication Links with Sat 
ellites Positioned in Close Angular Proximity to Each 
Other, which is incorporated herein by reference in its 
entirety. 

Referring again to FIGS. 1 and 2, the solution may include 
any number of added feeds for communication with other 
satellites. As illustrated, the solution includes a feed 50 for 
communicating with a different satellite. The solution allows 
for communication with a plurality of satellites that are 
spaced apart. As discussed above, any or all of the feeds 30, 
40, and 50 can be filled with a dielectric material to thereby 
reduce their size. Such that they may be spaced close 
together depending on the spacing of the satellites they are 
in communication with. Further, it is noted that any or all of 
the feeds may be configured for either one-way or two-way 
communications. 

Provided below are some, but not all, of the advantages of 
the present invention: 
A feed horn capable of receiving and/or transmitting both 
RHCP and LHCP signals for use in antennas having 
elliptical and/or rectangular profile. 

A feed horn capable of receiving and/or transmitting both 
vertically and/or horizontally polarized signals for use 
in an antenna having elliptical and/or rectangular pro 
file. 

An elliptical feed horn capable of reception and/or trans 
mission of both RHCP and LHCP signals having an 
axial ratio better than 0.5 dB or 30 dB cross-polariza 
tion. 

An elliptical feed horn capable of reception and/or trans 
mission of both RHCP/LHCP and linear signals from a 
reflector having an aspect ratio larger than one. 

An elliptical feed horn capable of simultaneous reception 
and transmission of both RHCP and LHCP signals from 
single offset reflector having various clearance angle 
and aspect ratio. 

An elliptical feed horn capable of reception and/or trans 
mission of both RHCP/LHCP and linearly polarized 
signals from a reflector having aspect ratio equal to or 
greater than one. 

A field selectable elliptical feed horn and polarizer 
capable of reception of RHCP LHCP, and linear polar 
ization signals from reflector having an aspect ratio 
equal or larger than one. 
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The FSS field selectable feed and plarizer assembly is also 

designed to accommodate additional DBS feed to be 
positioned as close as two degrees from the FSS feed. 
The DBS feed is also loaded with dielectric material to 
reduce the mechanical and the physical size of the DBS 
feed. The combination of the two DBS and FSS feeds 
communicate with the multiple satellites spaced two 
degrees apart. 

A compact selectable feed horn and polarizer capable of 
reception of RHCP/LHCP and/or linear signal, in con 
junction with polyrod feed and LNB assembly, posi 
tioned adjacent to each other for communicating with 
two satellites positioned as close as two degrees and as 
much as twenty degrees apart. 

Many modifications and other embodiments of the inven 
tions set forth herein will come to mind to one skilled in the 
art to which these inventions pertain having the benefit of the 
teachings presented in the foregoing descriptions and the 
associated drawings. Therefore, it is to be understood that 
the inventions are not to be limited to the specific embodi 
ments disclosed and that modifications and other embodi 
ments are intended to be included within the scope of the 
appended claims. Although specific terms are employed 
herein, they are used in a generic and descriptive sense only 
and not for purposes of limitation. 

That which is claimed: 
1. A feed assembly for use in establishing a communica 

tions link with a first satellite, in an antenna that has a 
reflector with a non-circular profile, the feed assembly being 
field-switchable between circularly polarized and linearly 
polarized operating modes, the feed assembly comprising: 

(a) a feed horn comprising: 
a circular waveguide section having opposite first and 

second ends; 
a corrugated waveguide section having a wall encircling 

a longitudinal axis of the feed horn; and 
a conical waveguide section connected between the cor 

rugated waveguide section and the first end of the 
circular waveguide section; 

wherein an inner surface of the wall of the corrugated 
waveguide section defines a circular cross-section at a 
narrow end of the corrugated waveguide section adja 
cent to the conical waveguide section, the inner Surface 
progressively widening to a non-circular cross-section 
at an opposite wide end of the corrugated waveguide 
section, the inner Surface of the wall defining a plurality 
of concentric circumferential grooves spaced along the 
longitudinal axis of the feed horn, the grooves each 
having a depth defined in a thickness of the wall of the 
corrugated waveguide section, the depths of the 
grooves varying Such that the grooves progressively 
transition from substantially circular at the narrow end 
of the corrugated waveguide section to Substantially 
non-circular at the wide end of the corrugated 
waveguide section, such that the grooves compensate 
for distortions caused to circularly polarized signals 
propagating through the feed horn by the non-circular 
shape of the reflector; and 

(b) a polarizer rotatably coupled to the second end of the 
circular waveguide section Such that the polarizer is 
rotatable with respect to the feed horn between first and 
second orientations displaced 45° apart, the polarizer 
being structured and arranged in the first orientation to 
be substantially transparent to a linearly polarized 
signal propagated through the assembly, and in the 
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second orientation to impart right or left handedness to 
a circularly polarized signal propagated through the 
assembly. 

2. The feed assembly of claim 1, wherein the polarizer 
comprises a circular cylindrical tube having a planar Vane of 
dielectric material mounted inside the tube so as to partition 
the interior of the tube into halves, wherein the vane is 
oriented vertically in the first orientation and is inclined 45 
degrees to vertical in the second orientation. 

3. The feed assembly of claim 1, wherein the feed horn 
contains a dielectric radiator having a dielectric constant 
greater than 1.0 for reducing a cross-section of the feed horn. 

4. The feed assembly of claim 1, wherein the grooves at 
the wide end of the corrugated waveguide section are 
elliptical for use with an elliptical reflector. 

5. The feed assembly of claim 1, further comprising a 
second feed positioned alongside the feed horn for estab 
lishing a communication link with a second satellite. 

6. The feed assembly of claim 5, wherein the feed horn 
and the second feed are positioned so as to communicate 
with the first and second satellites spaced as close as 2 
degrees apart. 

7. The feed assembly of claim 6, wherein at least one of 
the feed horn and the second feed contain a dielectric 
radiator having a dielectric constant greater than 1.0. 

8. The feed assembly of claim 1, further comprising a 
coupling arrangement that rotatably couples the polarizer 
and the circular waveguide section. 

9. The feed assembly of claim 8, wherein the circular 
waveguide section of the feed horn has a radially outwardly 
projecting flange formed proximate the second end of the 
circular waveguide section, and the polarizer comprises a 
Substantially circular cylindrical main body having a first 
end adjacent the flange and an opposite second end, the main 
body having a radially outwardly projecting first ring formed 
proximate the first end of the main body, and wherein the 
coupling arrangement includes a first coupler structured and 
arranged to engage the first ring on the polarizer and the 
flange on the circular waveguide section so as to Substan 
tially prevent relative axial movement therebetween while 
permitting the polarizer to rotate relative to the circular 
waveguide section. 

10. The feed assembly of claim 9, wherein the first 
coupler comprises a bandshaped member that Surrounds the 
flange and first ring and defines a circumferential groove in 
which the flange and first ring are retained. 

11. The feed assembly of claim 10, wherein the first 
coupler is formed in two generally semicircular halves that 
are releasably joined together by fasteners. 

12. The feed assembly of claim 9, wherein the polarizer 
includes a stop that interacts with a fixed structure of the 
feed assembly so as to limit rotation of the polarizer. 

13. An antenna for establishing individual communication 
links with at least first and second satellites located at 
different geostationary positions spaced as close as 2 degrees 
apart, the antenna comprising: 

a reflector having a non-circular profile; 
a boom affixed to the reflector and extending therefrom: 
a feed horn for establishing a communication link with the 

first satellite, the feed horn comprising: 
a circular waveguide section having opposite first and 

second ends; 
a corrugated waveguide section having a wall encir 

cling a longitudinal axis of the feed horn; and 
a conical waveguide section connected between the 

corrugated waveguide section and the first end of the 
circular waveguide section; 
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14 
wherein an inner surface of the wall of the corrugated 

waveguide section defines a circular cross-section at 
a narrow end of the corrugated waveguide section 
adjacent to the conical waveguide section, the inner 
Surface progressively widening to a non-circular 
cross-section at an opposite wide end of the corru 
gated waveguide section, the inner Surface of the 
wall defining a plurality of concentric circumferen 
tial grooves spaced along the longitudinal axis of the 
feed horn, the grooves each having a depth defined 
in a thickness of the wall of the corrugated 
waveguide section, the depths of the grooves varying 
Such that the grooves progressively transition from 
substantially circular at the narrow end of the cor 
rugated waveguide section to Substantially non-cir 
cular at the wide end of the corrugated waveguide 
section, Such that the grooves compensate for dis 
tortions caused to circularly polarized signals 
reflected from non-circular antenna profile and 
propagating through the feed horn by the non-circu 
lar shape of the reflector; and 

a second feed positioned alongside the feed horn for 
establishing a communication link with the second 
satellite; 

wherein at least one of the feed horn and second feed 
contains a dielectric radiator having a dielectric con 
stant greater than 1.0. 

14. The antenna of claim 13, further comprising a polar 
izer rotatably coupled to the second end of the circular 
wavegnide section of the feed horn such that the polarizer is 
rotatable with respect to the feed horn between first and 
second orientations displaced 45° apart, the polarizer being 
structured and arranged in the first orientation to be Sub 
stantially transparent to a linearly polarized signal propa 
gated through the polarizer, and in the second orientation to 
impart right or left handedness to a circularly polarized 
signal propagated through the polarizer, whereby the reflec 
tor feed is field-switchable between linear polarization and 
circular polarization modes by rotation of the polarizer 
between the first and second orientations. 

15. The antenna of claim 14, wherein the polarizer com 
prises a circular cylindrical tube having a planar Vane of 
dielectric material mounted inside the tube so as to partition 
the interior of the tube into halves, wherein the vane is 
oriented one of vertically and horizontally in the first ori 
entation and is inclined 45 degrees to vertical or horizontal 
in the second orientation. 

16. The antenna of claim 13, wherein the reflector is 
generally elliptical, and the grooves at the wide end of the 
corrugated waveguide section are generally elliptical. 

17. A feed horn for propagating circularly polarized 
signals in an antenna that has a reflector with a non-circular 
profile, the feed horn comprising: 

a circular waveguide section having opposite first and 
second ends; 

a corrugated waveguide section having a wall encircling 
a longitudinal axis of the feed horn; and 

a conical waveguide section connected between the cor 
rugated waveguide section and the first end of the 
circular waveguide section; 

wherein an inner surface of the wall of the corrugated 
waveguide section defines a circular cross-section at a 
narrow end of the corrugated waveguide section adja 
cent to the conical waveguide section, the inner Surface 
progressively widening to a non-circular cross-section 
at an opposite wide end of the corrugated waveguide 
section, the inner Surface of the wall defining a plurality 
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of concentric circumferential grooves spaced along the 
longitudinal axis of the feed horn, the grooves each 
having a depth defined in a thickness of the wall of the 
corrugated waveguide section, the depths of the 
grooves varying such that the grooves progressively 
transition from substantially circular at the narrow end 
of the corrugated waveguide section to Substantially 
non-circular at the wide end of the corrugated 
waveguide section, such that the grooves compensate 
for distortions caused to circularly polarized signals 
propagating through the feed horn by the non-circular 
shape of the reflector. 

18. The feed horn of claim 17, wherein the feed horn is a 
receive-only feed horn. 

19. A multi-beam antenna for establishing individual 
communication links with at least first and second satellites 
located at different geostationary positions and in close 
angular proximity to each other, comprising: 

a reflector that directs signals received from the first and 
second satellites; 

a first waveguide positioned with respect to said reflector 
for establishing a communication link with the first 
satellite; 

a second waveguide positioned alongside said first 
waveguide and being arranged with respect to said 
reflector so as to establish a communication link with 
the second satellite, wherein at least one said first 
waveguide and said second waveguide has a dielectric 
constant greater than that of air; and 

a polarizer rotatably coupled to one of said waveguides 
such that the polarizer is rotatable with respect to the 
feed horn between first and second orientations dis 
placed 45° apart, the polarizer being structured and 
arranged in the first orientation to be substantially 
transparent to a linearly polarized signal propagated 
through the assembly, and in the second orientation to 
impart right or left handedness to a circularly polarized 
signal propagated through the assembly, whereby said 
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one of said waveguides is capable of operating in either 
a circularly polarized or linear polarized mode. 

20. A multi-beam antenna according to claim 19, wherein 
both of said waveguides are circular in shape. 

21. A multi-beam antenna according to claim 19, wherein 
one of said waveguides includes an elliptically shaped feed. 

22. A multi-beam antenna according to claim 19, wherein 
the polarizer comprises a circular cylindrical tube having a 
planar vane of dielectric material mounted inside the tube so 
as to partition the interior of the tube into halves, wherein the 
vane is oriented vertically in the first orientation and is 
inclined 45 degrees to vertical in the second orientation. 

23. A multi-beam antenna for establishing individual 
communication links with at least first and second satellites 
located at different geostationary positions and in close 
angular proximity to each other, comprising: 

a reflector that directs signals received from the first and 
second satellites; 

a feed comprising a first waveguide positioned with 
respect to said reflector for establishing a communica 
tion link with the first satellite; 

a second waveguide positioned alongside said first 
waveguide and being arranged with respect to said 
reflector so as to establish a communication link with 
the second satellite; and 

a polarizer coupled to said first waveguide Such that the 
polarizer is field adjustable between first and second 
positions, the polarizer in the first position configuring 
said feed to operate in a linearly polarized mode, and in 
the second position configuring said feed to operate in 
a circularly polarized mode; 

wherein at least one of said waveguides has a dielectric 
constant greater than that of air. 

24. A multi-beam antenna according to claim 23, wherein 
one of said waveguides includes an elliptically shaped feed 
portion. 


